Abstract-Half-wavelength AC power transmission (HWACT) technology has the special advantage of point-to-point transmission, and hence is very attractive for long-distance (3000km for 50Hz or 2500km for 60 Hz) and large-capacity power transmission. In order to implement physical analogy of HWACT lines, in general, the equivalent lumped-circuits -type circuits or T-type circuits are used in laboratory. The number of the chained circuits is the most important aspects in the physical analogy of HWACT lines.
I. INTRODUCTION (HEADING 1)
Half-wavelength AC power transmission (HWACT) technology is a long-distance and large-capacity power transmission technology with a transmission distance of 3000 km (50Hz) or 2500 km (60 Hz). Compared with high voltage direct current (HVDC) transmissions, HWACT transmission has good economic efficiency, low loss and low cost, as well as good social benefits [1] .
In 1940s, the study about half-wavelength transmission was first addressed by Soviet experts [2] . In 1965, American experts studied the tuning scheme for half-wavelength transmission [3] . Later, India, Italy and other countries have carried out research on the theory of half-wavelength transmission lines [4] [5] [6] [7] . A detailed theoretical study and simulation calculation of the half-wavelength technology had been carried out in Brazil in order to send the large hydropower from the Amazon basin to the load center. In recent years, scholars in China have launched a series of research projects on on HWACT [8] [9] . These research mainly focused on its steady state and transient operational characteristics, power transmission ability, tuned half-transmission lines, reactive balance, relay protection of HWACT, etc [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . However, the relationship between the number of chained circuits and the voltage waveform as well as the wave frequencies has not been discussed [20] . As a result, it is necessary to make a study on determining the reasonable number according to the actual needs of physical analogy.
In this paper, the EMTP (Electromagnetic Transients Program) is used to simulate the equivalent lumped-circuit of HWACT -type equivalent circuit is discussed for different number of the chained circuits, as well as the relationship between the number of chained circuits and the wave frequencies. It is concluded that for 50Hz, -type circuits can ensure the oscillation at the end of the waveform is small enough and the sending-to-receiving voltage ratio is approximately 1.The greater frequency is, the more the number of chained circuits required to establish good equivalence between the lumped-circuits and the transmission line. These works are instructive for the physical analogy of HWACT lines.
II. MODEL
In this paper, the transmission line investigated is a 1000kV three-phase transmission line of 3000km. The geometric parameter of the half-wavelength line is shown in Table I , and its line arrangement is shown in Fig.1 The equation of the voltage U1 and the current I1 are given by (2) and (3):
The transfer relationship between the sending end and the receiving end is described in equation (4): Fig.4 is the equivalent lumped-circuit of the multi-stagetype for 3000 km transmission line. As shown in Fig.4 , the transmission line is evenly divided into N segments, the length of each segment is l=3000/N. Each segment is equivalent to a -type lumped-circuit as shown in Fig.3 , with the resistance is R 0 l, the inductance is L 0 l, and the capacitance is C 0 l/2. 
III. RESULTS AND DISCUSSION
In this section, The EMTP is used to simulate the lumpedcircuits, and the time step is 1×10 -5 s. The characteristic impedance of the transmission line is added to the receiving end. That is the load impedance Z L is equal to the characteristic impedance Z C (i.e. the line is matched).
A. The Voltage Waveform Along -Type Equivalent Circuit
At t=5 ms, the sine wave voltage source is added to the sending end, and the voltage amplitude is 10kV. The time domain simulation results of the chained -type circuits with 50 Hz and different N are presented in Fig.5 . U 1 , U 2 , U 3 , U 4 respectively represent the voltage waveforms at 750 km, 1500 km, 2250 km, and 3000 km with different N. As can be seen from Fig.5 , the closer to the sending end, the less the difference of the voltage waveforms between different N is. For 50Hz, the difference between the voltage waveforms with N=32 and N=64 is very small. Hence for 50Hz, 32 chained -type circuits can ensure to establish good equivalence between the lumped-circuits and the transmission line.
B. The Cascaded Matrix Calculation
Next, the relationship between the number of the chained circuits and the wave frequencies is discussed. For 50Hz, Table  III respectively shows the specific values of A, B, C, D in the transfer matrix and in the cascaded matrix. Table IV gives the relative error of the cascaded matrix (relative to the transfer matrix), including the error of real part r and the error of imaginary part i . In this paper, for 3000km transmission line, the A, B, C, D in transfer matrix are obtained by using transmission line theory to analysis, while the A, B, C, D in cascaded matrix are obtained by using some chained -type circuits to equivalent the transmission line. As can be seen from Table III and Table IV , The larger the number of the chained circuits is, the smaller the relative error of the cascaded matrix becomes. For 50Hz, 32 chained -type circuits can ensure that the relative error of the cascaded matrix is less than 3%.
Next, the relationship between the number of chained circuits and the wave frequencies is discussed. The length of the transmission line is fixed at 3000km. Table V to Table X respectively shows the specific values of the transfer matrix, as well as the cascaded matrix and its relative error at different wave frequencies. From Table V to Table X , it is easy to find that the greater frequency is, the more the number of chained circuits required to establish good equivalence between the lumped-circuits and the transmission line. The number N=32 for 50 Hz, N=64 for 100 Hz, N=128 for 200 Hz, N=256 for 400 Hz, N=384 for 600 Hz, N=512 for 800 Hz, N=640 for 1000 Hz can ensure that the relative error of the cascaded matrix is less than 3%.
IV. CONCLUSION
In this paper, the voltage waveform along -type equivalent circuits is analysed for different number of the chained circuits. Furthermore, the relationship between the number of chained circuits and the wave frequencies is discussed based on the cascaded matrix. The main conclusions are as follows:
1) For 50Hz, the closer to the sending end, the less the difference of the voltage waveforms between different N is.
2) The greater frequency is, the more the number of chained circuits required to establish good equivalence between the lumped-circuits and the transmission line. The number of chained circuits N=32 for 50 Hz, N=64 for 100 Hz, N =128 for 200 Hz, N =256 for 400 Hz, N =384 for 600 Hz, N =512 for 800 Hz, N =640 for 1000 Hz can ensure that the relative error of the cascaded matrix is less than 3%.
